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ABSTRACT

This report presents the results of a test program that was
conducted to evaluate the performance and stability and con-
trol characteristics of the XV-11A aircraft. This aircraft
is a research vehicle designed to perform basic aerodynamic
flight research in the areas of high-1ift boundary layer
control, propeller thrust augmentation, low drag geometry, and
STOL aircraft handling qualities. The aircraft incorporates
a number of unique design features including glass fiber
reinforced plastic construction; a distributed-suction, high-
1ift boundary layer control system; a variable-camber wing;
and a shrouded propeller. The test data show that the air-
craft has sufficient performance and stability and control
for conducting low-speed aerodynamic research. Handling
qualities research would be limited by the high longitudinal
and directional control force gradients. Although low stall
speeds are demonstrated, the increment in lift due to the
boundary layer control system is less than anticipated.
Aircraft performance is somewhat limited by propeller defi-
cliencies due to high blade loading.
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INTRODUCTION

This report presents the results of a flight test evaluation

of the XV-11lA research aircraft. This aircraft was developed
by Mississippi State University under Contract DA 44-177-
AMC-266(T) with the U. S. Army Aviation Materiel Laboratories,*
Fort Eustis, Virginia, to perform basic aerodynamic flight
research in the areas of high-1ift boundary layer control,
propeller thrust augmentation, low drag geometry, and STOL
alrcraft performance and handling qualities. The vehicle
incorporates a number of unique features that are a result of
experimental and theoretical research conducted by this
University over the last decade. These features include glass
fiber reinforced plastic construction; a distributed-suction,
high-1ift boundary layer control system; a variable-camber
wing; and a shrouded propeller. The purpose of this test
program was to document the flight characteristics of the
existing aircraft and to determine areas in which further in-
vestigation and improvement are desirable. There is no attempt
in this report to evaluate the aircraft characteristics in
terms of possible operational utilization, but comments relating
to current military specifications are made where applicable.

The test program consisted of 30 flight hours, representing
21 flights over a 5-month period. The test program was
completed on 30 April 1969.

The following tests were included in this program:

Airspeed Calibration

Stalls

Speed Power Polars

Climb Performance

Longitudinal Static and Dynamic Stability and Control
Lateral/Directional Static and Dynamic Stability
Lateral Control

Transient Trim Conditions

Full instrumentation was used during this program. Standard
calibration and test techniques were followed. In an effort
to provide test coverage of all the areas of interest within
a relatively small test program, the test conditions were for
the most part limited to two trim speeds (70 and 120 knots),
one pressure altitude {3000 feet), three wing camber positions
(0, 15, and 30 degrees), and one propeller speed. The single
propeller speed also results in a constant boundary layer
control system blower speed, which in turn gives essentially
one internal wing pressure.

*Redesignated Eustis Directorate, U. S. Army Air Mobility Research
and Development Laboratory.
1
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DESCRIPTION OF AIRCRAFT

The XV-11A is a two-place, high-wing, fixed-gear, pusher-
propeller aircraft constructed entirely of glass fiber rein-
forced polyester plastic materials. The aircraft incorporates
a distributed-suction, high-1ift boundary layer control

system on a wing, which also features a unique wing section
camber changing mechanism on its inboard panels, A shrouded,
pusher propeller is mounted in the aft fuselage and is powered
by a T63-A5A(FE) gas turbine engine. The empennage is an
integral part of the propeller shroud structure and utilizes
short chord, fixed stabllizer surfaces and conventional rudder
and elevator surfaces, forming a cruciform at the rear of the
shroud. External views of the XV-11A are presented in Figure
l, A three-view drawing of the XV-11A 1is found in Figure 2.
Pertinent aircraft geometry is given in the Appendix.

The fuselage is a semimonocoque structure constructed entirecly
of glass fiber reinforced plastic materlial. The forward
portion of the fuselage consists of the crew compartment and
is provided with extensive transparent areas, giving practi-
cally an unlimited field of view except directly aft. Seating
1s side by side; however, the right-hand seat was removed
during this test program for the installation of test instru-
mentation. The middle of the fuselage houses the gas turbine
engine, the fuel tank, the wing carry-through structure, the
landing gear carry-through structure, and the boundary layer
control system blower and related ducting. The aft fuselage
houses the propeller drive shaft and gearbox and provides
attachment for the empennage.

The wing 1s a high, tapered and unswept design utilizing a

single, steel-reinforced spar with a forward "D" section and

hinged subspars in the area of the variable-camber section.

Except for the spar reinforcing, the wing material is glass
reinforced plastic. Each half of the wing consists of a

single panel which attaches to the aluminum carry-through

structure at the wing fuselage intersection. The portion of

each wing panel aft of the spar and inboard of the allerons

is provided with a camber changing mechanism. The camber £
changing mechanism bends the upper skin of the wing to pro-

vide the desired variable camber. The lower wing skins over-

lap to take up the resulting change in surface length. Figure .
3 shows the wing in positions corresponding to O, 15, and

30 degrees of camber. The wing camber may be changed to pro-

vide any deflection between O and 30 degrees. The upper

surface of the wing 1s drilled with many small holes to give
essentially distributed suction over 81 square feet of wing

planform area. The suction holes extend from the wing root




to the wing tip fairing and from 7 percent of the wing chord
to the trailing edge.

The empennage consists of a propeller shroud to which are
attached the directional and longitudinal control surfaces.
These control surfaces form a cruciform within the shroud
Just aft of the propeller. The elevator extends out beyond
the shroud and has a small stabllizing surface attached to
the outer surface of the shroud. The empennage is con-
structed of glass fiber reinforced plastic. Four shroud
struts are provided between the shroud and the propeller gear-
box support structure to stabilize the upper portion of the
shroud. The lower portion of the shroud attaches directly

to the aft section of the fuselage. Longitudinal trim con-
trol is provided by a trim tab located on the inboard end of
the elevator surface. The original tab configuration did not
allow sufficient trim control for this test program. Two tab
extensions were used during thils program; Figure 4 shows
these modifications. One modification is a straight 2-inch
extension attached to the existing tab surface. The second
modification also attached to the tab but provided a 3-inch
extension which 1is bent 25 degrees tralling edge down with
respect to the tab chord line. The 3-inch extension was used
with the forward center-of-gravity position; the 2-inch
extension was used on all other flights.

The landing gear consists of four wheels attached to the
fuselage structure by fixed cantilever legs. Secondary skins
enclose these legs to form a single strut on each side of the
alrcraft. The forward wheels are steerable, and brakes are
provided on all four wheels. The gear structure is a combina-
tion of wood and glass fiber reinforced plastic. A tall skid
is provided under the aft fuselage.

The propulsion system consists of a T63 gas turbine driving
the aft-mounted propeller through a 7-foot drive shaft and a
propeller gearbox mounted just forward of the propeller. The
propeller blade angle is controlled by electric motors mounted
on the propeller hub. Electric motor fallure was experienced
early in the test program. Improvements in the armature wind-
ings corrected this problem. Although an automatic B control
system is provided in the XV-11A, the system did not operate
satisfactorily, and the manual "beeper" system was used for
this test program. The T63 engine also provides the drive
power for the boundary layer control system blower. Inlet air
for the T63 engine is supplied by a flush inlet located in the
upper surface of the fuselage Just aft of the crew station.

The boundary layer control system consists of a centrifugal
blower mounted forward of and powered by the T63 engine.




Ducts connect the blower to the wing roots and to the exhaust
outlets located in the side of the fuselage below the T63
engine exhaust outlets. The forward part of the blower duct-
ing is shown in the upper picture in Figure 5. The interior
of the wing acts as a plenum for the suction system. The
present configuration supplies an internal wing pressure of
15 inches of water below amblent pressure for O-degree wing
camber and 95.5-percent N>. This value is reduced by about

1 inch of water with 30 degrees of wing camber. Although
suction flow rate has not been measured, blower character-
1stics indicate a flow rate in excess of 6000 cubic feet of
air per minute.

] The alrcraft center of gravity was controlled by 90 pounds
’ of lead ballast, which was located within the aircraft to
give a constant average gross weight of 2630 pounds and a
center-of-gravity travel from 21.5-percent MGC to 34.6-
percent MGC at the assumed average mid-mission fuel load.
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TEST EQUIPMENT

The test instrumentation used in the flight test program was
supplied by the U, S. Army Aviation Materiel Laboratories

and Mississippli State University. All equipment installation
and calibration were performed by Mississippi State Univer-
sity. Calibration of the instrumentation calibration equipment
used is traceable to the National Bureau of Standards.

The reccrded test data were obtained from pilot notes, a
photo-panel mounted aft of the pilot and incorporating a lomm
camera set to take 1 frame per second throughout the test
flight, and a 50-channel recording oscillograph mounted in

the area normally occupied by the observer's seat. The
fun:tions that were recorded by the photo-panel and the oscil-
lograph are as follows:

Photo-Fanel
Event Light
Counter
Time
Airspeed
Altitude
Power Turbine Speed (T6?)
Gas Producer Speed (T63
Engine Torque
Instrumentation Excitation Voltage

Recording Oscillograph
Event Marker
Counter
Airspeed
Altitude
Stick Force
Right Rudder Force
Left Rudder Force
Normal Acceleration
Lateral Acceleration
Longitudinal Acceleration
Pitch Rate
Roll Rate
Yaw Rate
Pitch Angle
Ro™" Angle
El ~ator Deflection Angle
Rig' ° Alleron Deflection Angle
Rudd :r Deflection Angle
Wheel gLongitudinal) Position
Wheel (Lateral) Angle
Rudder Pedal Fusition




Angle of Attack 4
Angle of Sideslip

SENYS

Two flight test booms were mounted on the wing tips of the
test aircraft. The design of the boom pivoting head is such
that the position error is minimized. In addition to the
total and static pressure sources located on the boom head {
angle of attack and sideslip are also provided as data output.

The left wing tip boom was used as the alrspeed and altitude

source for the pilot's system and the photo-panel. The angle-
of-attack and sideslip output from thls boom were recorded by

the oscillograph. The right wing tip boom pressure sources

were fed to pressure transducers mounted in the wing tip. ’
These data were recorded by the oscillograph. The flight test

boom is shown in Figure 6. i

A trailing static bomb was used for the calibration of the
static pressure source (left flight test boom). The static
bomb was trailed on a 45-foot line. The bomb is a fin-
stabilized, cylindrical body with a hemispherical nose. The
static source is an annular slot located three body diameters
aft of the leading edge of the bomb and seven tube diameters
forward of the supporting tube. This static source location
corresponds to the classic "Prandtl" pitot probe. The bomb in
its "retracted" position is shown in Figure 7. An acceptable
calibration of this bomb is not available, but a preliminary
comparison with a trailing cone system has shown good agreement. ]
A brief test in the Mississippi State Unliversity low-speed wind
tunnel has indicated a constant plus l-knot error over most of
the tested speed range. However, the magnitude of tunnel
turbulence makes thls result subject to question. In light of
these uncertainties, no correction was applied to the bomb
data.

The longitudinal and lateral control forces were obtain:d with
a modified stick force transducer. The unit is shown muunted
on the control wheel in the bottom picture of Figure 5. This
strain-gage, beam transducer senses forces only in one plane
and must be rotated 90 degrees to provide data on either
longitudinal or lateral control forces. The effective moment
arm about the lateral control axis is 3.7 inches.




TEST PROGRAM

The purpose of this program was to document the existing
flight characteristics of the XV-11lA aircraft. To allow
evaluation of all significant flight characteristics, it was
necessary to restrict the number of flight conditions to two
trim speeds, one altitude, three wing camber deflections and
one propeller speed. The two trim speeds (70 and 120 knots)
represent an approach condition and a crulse condition
respectively. Both speeds allow a sufficient range of speeds
about the trim speed to define speed stability characteristics
and a range of load factors to define the maneuvering charac-
teristics. Seventy knots 1s also a speed that can be used
with all wing camber deflections. Although 120 knots does

not represent a maximum cruise speed, it does demonstrate the
cruise speed characteristics. 1In a couple of configurations
the 70-knot trim speed was not obtained because of limitations
of the longitudinal trim system. This restriction was cor-
rected on later flights, but some tests were not rerun since
the speed differences were not considered to be important for
that phase of the prcgram. A pressure altitude of 3000 feet
was used for most of the test flights. The stall tests were
conducted at 5000 feet to ensure sufficient recovery altitude.
The three wing camber deflections used were 0, 15, and 30
degrees. Zero and 30 degrees represent the minimum and maxi-
mum camber deflections available, The single propeller speed
(95.5 percent) represents the maximum engine governor setting
that will prevent engine overspeed under all transient
conditions. The single propeller speed also ensures a con-
stant boundary layer control system blower speed which in turn
gives essentially a constant wing suction pressure.

Two center-of-gravity positions were investigated. The forward

position (21.5-percent MGC) was given only token evaluation.
The aft position (34.6-percent MGC) represents a limiting
position for the gross weight tested because of landing gear

loads. It should be noted that this aft position still results

in a significant level of longitudinal static stability; for
this reason, it was not possible to provide a sufficilent range
of positions approaching the neutral point to allow identifi-
cation of the neutral point, maneuver point, etc.

Tests were conducted with the boundary layer control system
operating, the blower disconnected with the wing surface
suction holes sealed, and the blower disconnected with the
wing surface suction holes open. The suction holes were
sealed by the use of a thin plastic tape applied to the upper
surface of the wing. The tape was applied in a chordwise
direction to minimize airflow disturbances. With the holes
open and the blower disconnected, the flow of air through the
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wing surface 1s dependent upon the relative pressure across
the skin. The inner wing is essentially vented to cabin
ambient pressure in this configuration. This configuration
was tested only with O degrees of wing camber as it repre-
sents an emergency situation with limited application.

A summary of the flight test program is given in Table I.
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TABLE I. TEST FLIGHT PROGRAM

Camber
CG (deg) BLC Test*
AFT 0 ON 1:2:23',3:4’5:6:7’818&
9,10,11
AFT 15 ON 1,2,3,4,5,7,8a
1’2’28"3’1"!5’6’7’8)88'
9,10
AFT 30 ON 1,2:28:i:u,5’6,7:8983
,10
AFT 0 OFF /SEALED 2,3,4,5,7
AFT 15 OFF /SEALED 2
AFT 30 OFF /SEALED 2,5,7,10
AFT 0 OFF /OPEN 2
AFT 15 OFF /OPEN 2
AFT 30 OFF /OPEN 2
FWD 0 ON 2,5,6
FWD 15 ON €35
FWD 20 ON 245

Airspeed Calibration

Stalls

Accelerated Stalls

Speed Power Polars

Sawtooth Climbs

Longitudinal Static Stability

Longitudinal Maneuvering Stability

Lateral/Directional Static Stability

Lateral/Directional Dynamic Stability $Short Period)

Lateral/Directional Dynamlic Stablility (Long Period)

Longitudinal Dynamic Stability, Dihedral Effect,
Spiral Stabllity, Adverse Yaw

Lateral Control

Out-of-Trim Conditiornrs

st aatiniahid




In general the test techniques used in the program were con-
sistent with those discussed in the various service flight
test manuals,!’2’3 Performance and longitudinal static
stability data were obtained using the stabilized point method.
Longitudinal maneuvering characteristics were found with the
steady turn method. Elevator doublets were used in the longi-
tudinal dynamic stability tests. Lateral control was deter-
mined from 45-degree banked turns. Rudder doublets and side-
slip maneuvers were used for lateral/directional stability.
Control friction characteristics were measured by slowly
varying the control deflection throughout the range of control
travel.

The flight restrictions approved by the Department of the Army
for this test program were that the flight velocity not exceed
200 knots true airspeed and that the load factor not exceed
the range from O to +2.5g. 1In addition it was arbitrarily
decided that flight speeds greater than 100 knots would not be
flown with wing camber deflections other than 0 degrees.

! PERFORMANCE TESTING MANUAL, U. S. Naval Test Pilot School,
Naval Air Test Center, Patuxent River, Maryland, August 1966.

2 Herrington, Russel M,, Shoemacher, Paul E., Bartlett,
Eugene R., and Dunlap, Everett W., FLIGHT TEST ENGINEERING
HANDBOOK, Air Force Technical Report No. 6273, U. S. Air
Force, Air Force Systems Command, Air Force Flight Test
Center, Edwards Air Force Base, Californla, Revised January
1960,

3 STABILITY AND CONTROL HANDBCOOK, FTC-TIH-64-2004, U. S. Air
Force, Alr Force Systems Command, Air Force Flight Test
Center, Edwards Air Force Base, California, Date Unknown.
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DATA REDUCTION

The methods used in correcting the flight test data to stan-
dard conditions are given in the following paragraphs. The
"United States Standard Atmosphere" was used. This is a
geopotential atmosphere that agrees with the ICAO and NASA
atmosphere in the range of altitudes used in this program.
The standard sea level conditions used in this report are
given below.

To = 518.69 °R

Po = 2116.2 psf or 29.92 in. Hg
po = 0.0023769 1b sec?/ft*

go = 32.174 ft/sec?

ap = 661.48 kn

The standard alrcraft weight used with these test data is

2630 pounds. This weight represents the known takeoff

weight minus an allowance for an average, midmission fuel
consumption. The takeoff gross weight was 2690 pounds. This
definition 1s necessary because of the position error in the
fuel quantity measuring system. For this reason no correction
for aircraft gross weight is applied to the test data. The
possible error in gross weight is in general less than 2 per-
cent. The center-of-gravity positions used in this report are
based upon measured weight and balance data for each test
configuration with a computed allowance for the average, mid-
mission fuel weight.

Essentially all of the test instruments, including the pilot's
flight instruments, were calibrated for instrument error and
these corrections were applied to the test data. The only
exceptions to this statement are the engine tachometers and
the engine torque transducer built into the T63 engine.
Equipment was not available to calibrate these items, and no
corrections were applied. The T63 engine is not a calibrated
engine,

No position error was necessary for the alrspeed or altitude
systems, The static pressure source position error was
negligible (see Airspeed Calibration under Discussion and
Results), and the self-aligning design of the flight test
boom pitot head makes the assumption of no total pressure
error reasonable, No compressibility corrections were used
because of the relatively low flight speeds.

11
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Instrument corrections were applied to the ambient tempera-
ture measurements, but no recovery factors were applied.

The transducers were aligned to the fuselage axis system,

and no alignment corrections were used. The rudder pedal
force transducers were calibrated in terms of a force applied
at the lower edge of the rudder/brake pedal where the ball of
the pilot's foot would normally be with the ':el resting on
the floor.

The rate-of-climb test data were reduced to standard atmos-
pheric conditions based on the maximum available military
power at 95.5-percent power turbine speed and 3000 feet pres-
sure altitude. This turbine speed represents the maximum
overspeed governor setting found to be usable on this air-
craft. The rate-of-climb correction was .leveloped from the
expression

33000

S SHPREQ) 22—

R/C = np(SHP ya1y

The actual correction as used in this report is given by

chlTuf/rgé (sHP - EIW,

A?AILS wﬁﬁ;_

R/c|TL =

S T
SHP S _ PIW
( AVAILT T; vﬁa;_

and results in the tape-line rate of climb for standard con-
ditions at 3000 feet pressure altitude.

The level flight data were reduced in terms of "equivalent"
power and speed.

3
W -3
S -
PIW = SHPTﬂ/oT(W-) SHPT‘/OT
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Fuel flow data were reduced to standard conditions by plotting
wf versus PIW. Since all of the fuel flow data were

(58." a

obtalned at a pressure altitude of 3000 feet, it is not
known 1f a single curve of the fuel parameter versus PIW
would be obtained for other test altitudes.
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DISCUSSION AND RESULTS

The test results obtained during this test program and a
discussion of these results are presented on the following
pages. Comments regarding the suitability of the XV-11lA

for its intended use as a research vehicle are provided
where pertinent. Due to the nonoperational role of this
aircraft and the changing status of MIL-F-8785A, comments
regarding the ability of this aircraft to satisfy the require-
ments of the flying qualities specification are not provided.
However, the analysis of the test data does consider the
various parameters used in both the earlier and current re-
visions of MIL-F-8785A, and where possible, values are given
which will allow direct comparison with the requirements of
this specification.

Some disagreement will be found between the trim airspeeds
given in figure titles and those shown on the various air-
speed time history curves of this report. The trim alrspeeds
given in the titles represent the pilot's reading corrected
for instrument error and are considered to be the most ac-
curate measure of the alrcraft airspeed. The airspeed time
histories come from the oscillograph records and are subject
to zero shift and low sensitivity. The low sensitivity is a
result of the limited trace travel for each channel and the
type of pressure transducer that was used. Because of these
problems, the alrspeed time histories are considered to be
reasonable records of the changes in airspeed but a poor
indication of the absolute airspeed at any instant in time.

ATIRSPEED CALIBRATION

The calibration of the static pressure source used for the
pilot's alirspeed and altitude instruments, as well as the
corresponding photo-panel instruments, was accomplished with
a trailing static bomb. A sensitive differential pressure
gage was used to measure the pressure difference between the
two static sources. The total pressure error is assumed to
be negligible because of the self-aligning feature of the
flight test boom head. The calibration data converted to
airspeed error are shown in Figure 8., Since the error is
essentially within the reading error of the instruments, the
position error is assumed to be zero throughout this report.

CONTROL FRICTION CHARACTERISTICS

The longitudinal, lateral, and directional control force
characteristics obtalned on the ground in the absence of any
aerodynamic loads are given in Figures 9, 10, and 11, The
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arrows shown along the curves represent the direction of
surface travel during the test. The partial mass balance of
the elevator produces the offset of the wheel forces in the
"pull" direction seen in Figure 9. The large rudder pedal
forces shown in Figure 11 result for the most part from the
direct connection of the front wheel steering to the rudder
cables, The influence of the steering system was minimized
by lifting the forward wheels off of the ground. Except for
the rudder forces, the high breakout forces are not reflected
in the various force measurements made in flight and shown in
the following sections of this report. The significant
vibration level produced in flight by the propulsion system
appears to reduce the longitudinal and lateral control fric-
tion to an acceptable value,

PERFORMANCE

The evaluation of the performance characteristics of the
XV-11A aircraft, based on the test data obtained during this
test program, consists of the presentation of the following
performance parameters: power required for level flight,
fuel flow, rate of climb, and aircraft stall characteristics,
Investigations into the operating efficiency of the various,
unique XV-11lA aircraft components were not conducted. These
features, such as low drag geometry, the shrouded propeller,
the variable camber wing and the high-1ift boundary layer
control system can, therefore, only be evaluated collectively
in terms of the above mentioned performance parameters. The
few comments and conclusions pertaining to these components
chat may be derived from the results of this program are pre-
sented in the appropriate, following paragraphs. It should
be noted that neither wind tunnel tests of this configuration
nor isolated tests of the shrouded propeller have been con-
ducted. Limited tests were performed »n the boundary layer
control system blower impeller, but facilities were not
available to test the complete blower configuration outside
of the aircraft. Static in-place testing was restricted by
engine limitations.

Although static thrust measurements were not made as a part
of this test program, static thrust da.a were obtained in an
earlier series of tests. Only the maximum value of static
thrust 1s discussed here to provide e measure of the low
speed thrust capabilities of this aircraft.* These measure-

4 Roberts, S., Stewart, D., Boaz, V., Bryant, G., Mertaugh,
L., Wells, G., Gaddis, M., XV-11A DESCRIPTION AN) PRE-
LIMINARY FLIGHT TEST, Mississippi State University;
USAAVLABS Technical Report 67-21, U. S. Army Aviation
Materiel Laboratories, Fort Eustis, Virginia, April 1967,
AD 654,469,
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ments were obtalned with a shrouded propeller configuration
which was essentlally the same as used during the present test
program. The only difference between the configuration used
in the earlier test and the present configuration was two
additional shroud-to-fuselage struts now being used on the
XV-11A. These struts are constructed of 1.375 inches by
0.625-inch streamlined tubing nominally located 6.5 inches
forward of the plane of the propeller. These struts should
not have any significant effect on the validity of these test
data. The propeller used in both tests 1s one originally
provided with the YT-63 turboprop engine and modified by
removing eleven inches from the tip of each blade. All of the
measured power was available to the propeller drive system
since the boundary layer control system blower was not in-
stalled during the earlier tests. Static thrust was measured
by means of a 2500-pound-capacity dynamometer attached to the
tail skid of the XV-11lA. A maximum thrust of 1200 pounds was
obtained with 248 shaft horsepower. These values gilve a
figure of merit of 0.907 where

0.707 T #

" 550 SHP /P

Test stand data obtailned by the manufacturer on the original,
88-inch-diameter propeller gave 1100 pounds of static thrust
with 250 shaft horsepower. This gives a figure of merit of
0.589. Based on these results, the use of the shroud pro-
vides a nine-percent increase in static thrust with a
propeller having 44-percent less disc area and gives a 54-
percent increase in the figure of merit.

M

CLIMB PERFORMANCE

The maximum rate of climb for a standard day at a pressure
altitude of 3000 feet and the standard gross weight of 2630
pounds with military power (95.5-percent No) is glven as a
function of equivalent airspeed in Figure 12, Wing camber
positions of 0, 15, and 30 degrees with boundary layer con-
trol on as well as O-degree camber with boundary layer con-
trol off and the wing sealed are presented. For this al-
titude, power turbine speed, and range of flight velocities,
the military power available is 262.7 shaft horsepower.

The hizher rates of climb shown with the boundary layer con-
trol system off and the suction holes sealed result {rom the
larger value of power avallable to the propeller when the
boundary layer control blower is not being used. The small
increase in speed for maximum rate of climb with boundary
layer control off again ls a result of the larger power avail-
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able, which tends to rotate the climb curve as well as
increase the ordinate values. The fuel flow associated with
military power and 95.5-percent N, is 179 pounds per hour.
This value corresponds to wf/oa‘/ga = 202 pounds pe: hcur

and was obtained from Figure 14 using 262.7 shaft horsepower
or an equivalent power (PIW) of 251.3 shaft horsepower.

LEVEL FLIGHT PERFORMANCE

The variation of equivalent power required for straight and
level fligi *. at the :tandard gross weight of 2630 pounds as

a function of equiva.ent airspeed is shown in Figure 13.
These speed-power polars are given for 0, 15, and 30 degrees
of camber with boundary layer control on and zero camber with
boundary layer control off and the wing suction holes sealed.

A comparison of the power required for the O-degree camber
configuration with and without the boundary layer control
system operating shows a difference of about 35 equivalent
shaft horsepower over a large part of the speed range. There
is some reduction in this difference at the higher speeds,
but this may be more a matter of the curve fairing used. A
preliminary measurement of the boundary layer control system
exhaust velocity has shown a nominal value of about 90 knots.
This value would indicate that at a flight velocity of 90
knots, the power difference is essentially that required to
drive the blower.

The maximum speed reached in straight and level flight was
159 knots. The pilot noted that at this flight condition
there was a significant vibration present. Previous experi-
ence indicates that this is due to propeller stall and a
result of the high blade loading existing with the present
propeller on the XV-11lA., With a propeller that is better
matched to the available power of the T63 engine, maximum
speeds of at least 175 knots should be realized.

The fuel flow characteristics determined during this test
program as a function of the equivalent shaft horsepower are
given in Figure 14, All of these data points were obtained
at an average pressure altitude of 3000 feet.

STALL CHARACTERISTICS

In general, the stall characteristics of the XV-1llA aircraft,
when a well-defined wing stall is achievable, result in a
sharp break with little or no warning when entered at idle
power. Slight buffet occurs just prior to stall when power

17
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for level flight at 70 knots is carried into the stall. Some
wing drop is experienced, but there is no tendency for a spin
to develop, and aileron control is available through wing
stall. Stall recovery is normal; however, the lack of a
significant stall warning makes the development of a secondary
stall a problem when minimum altitude loss is desired. The
inability to reach a well-defined wing stall in some con-
figurations is a result of the large longitudinal control
force gradient with speed (stick-free speed stability) that
this aircraft displays (i.e., the minimum flying speed is
limited by control force and trim authority)., The stall
recovery technique used during this test program did not use
additional engine power during recovery. The altitude lost
during recovery would be reduced with the use of full power.

The minimum flying speeds as a function of wing camber posi-
tion are shown in Figure 15. These speeds are given for an
aft center-of-gravity position with boundary layer control

on and both idle power and power for level flight, boundary
layer control off with the suction holes sealed and idle power,
and boundary layer control off with the suction holes open
and idle power. The minimum flying speeds are also given for
a forward CG position with boundary layer control on and idle
power. The minimum speeds obtalned with the suction holes
open at all wing camber positions and with the suction holes
sealed at 30 degrees of wing camber were the result of high
control forces and not a well-defined wing stall.

Although the minimum flying speeds with the boundary layer
control system operating are of the predicted magnitude, two
baslic discrepancies are apparent from these data. The de-
crease in stall speed due to increases in wing camber 1is
small, and the increment in stall speed due to the use of
the boundary layer control system is less than anticipated.
The reasons for this are not known at this time.

Representative stall maneuver time histories are given in
Figures 16, 17, and 18. Figure 16 presents the stall maneuver
time history for 30 degrees of wing camber, boundary layer
control on, aft CG, and power for level flight at a trim speed
of 70 knots. A well-defined break 1s obtained with this
configuration; the left wing drops about 40 degrees, and 200
feet of altitude is lost during recovery. The time history
for 0 degrees of camber with the suction holes sealed, idle
power, and an aft CG position is shown in Figure 17. A weli-
defined stall is obtained with 1ittle wing drop, and less
than 100 feet of altitude is lost in recovery. Figure 18
gives the time history for O degrees of wing camber, boundary
layer control off{ with the suction holes open, idle power,
and an aft CG position. No wing stall is obtained with this
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configuration because of the high longitudinal control forces
required. A sink rate of 400 feet per minute developed, with
some longitudinal oscillations being apparent to the pilot.

Accelerated stalls were performed at O and 30 degrees of wing
camber, boundary layer control on, and an aft CG position.
The stall characteristics were the same as the 1 g stalls.

STATIC LONGITUDINAL STABILITY

The variation of wheel position and force and elevator pcsi-
tion with equlivalent airspeed for 0, 15, and 30 degrees of
camber with an aft and forward CG position and the boundary
layer control system operating is given in Figures 19 through
25. The 1ncrease in apparent static stability with increases
in wing camber, as shown by the control position and force
gradients, 1s illustrated. The change in stability with CG
position 1s less well defined and does not lend itself to any
estimate of the neutral point location.

Figures 26, 27, and 28 give the variation of wheel position
and force and elevator position with airspeed for an aft CG
and boundary layer control system off with suction holes
sealed and with them open. A comparison with the correspond-
ing data for boundary layer control on shows some reduction
in the displacement and force gradients due to removing the
boundary layer control at the lower trim speeds. No change
in static longitudinal stability due to the boundary layer
control system configuration is seen at the higher cruise
speeds.

In general, the force gradients assocliated with speed changes
are large and result in a high dependency upon the longitu-
dinal trim system.

MANEUVERING STABILITY

I m————

The maneuvering stability characteristics given in terms of
longitudinal control position and force and elevator position
as a function of normal load factor are presented in Figures
29, 30, and 31. These data are shown for 30 degrees of wing
camber at a trim speed of 71l knots with boundary layer control
on and an aft CG position and for O degrees of wing camber at
a 122-knot trim speed, boundary layer control on, and both an
aft and a forward CG position. A measurable difference in
the position and force gradients for right and left turns

was found with the 30-degree camber configuration at 71 knots.
This difference is not apparent with the O-degree camber con-
figuration at 122 knots.
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The nominal force gradient is in excess of 100 pounds per g
for the 30-degree camber configuration and is considered to
be excessive. The 36 pounds per g gradient shown with the O-
degree camber configuration at 122 knots is high but not
excessive for the intended use of the aircraft.

PO YRy
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LONGITUDINAL DYNAMIC CHARACTERISTICS

The classic longitudinal short-period characteristics have
sufficiently high frequency and damping ratio to render the
aircraft motions unobservable on the recorder or by the pilot.
One instance of a relatively short period (i.e., less than !
the phugoid period) oscillation was observed with the 30- ’
degree wing camber configuration at 71 knots. This oscillation

is seen in Figure 32. The motion is most noticeable on the

normal acceleration and angle-of-attack traces. The period

is of the order of 3.5 seconds, and there would appear to be

little damping.

The phugoid mode for boundary layer control on, aft CG posi-
tion, and 30 and O degrees of camber is shown in Figures 32
and 33. The 30-degree camber configuration at 71 knots
displays a period of oscillation of 16.5 seconds with about
3.2 cycles to damp to half amplitude. The O-degree camber
configuration at 122 knots shows a 33-second period with
about 0.82 cycle required for the oscillation to damp to half
amplitude.

LATERAL/DIRSCTIONAL STATIC STABILITY

The lateral/directional control characteristics in steady-
state sideslips are shown in Figures 34, 35, 36, and 37 for
boundary layer control on, 71 knots with camber deflections
of 0, 15, and 30 degrees as well as 0 degrees of camber at
122 knots. Figures 38 and 39 show the O-degree camber con-
figuration with boundary layer control off and the suction
holes sealed at 83 knots and boundary layer control off with
the suction holes open at 122 knots.

For all the test configurations, the static directional sta-

billity as shown by the variation in rudder pedal deflection .
and force with sideslip angle is of the proper sign and

essentially linear over most of the range of rudder travel i
available., There 1s little change in gradient with wing . i
camber or boundary layer control system configuration. There
1s an increase in rudder force gradient for the 122-knot trim
speed as compared to the 7l-knot data. The maximum available
sideslip angle 1s determined by the available rudder deflec-
tion, which is limited by rudder force. The available side-
slip angles are 13 and 10 degrees for O degrees of wing camber
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at 71 and 122 knots, respectively, and 10 degrees for the
30-degree wing camber configuration. These angles are adequate
for the intended use of this alrcraft.

The "stick free" and "stick fixed" dihedral effect, as given
by the variation in aileron control displacement and force
with sideslip angle B, is reasonably linear and is in the
direction of a stabilizing dihedral effect. There is a
tendency for the aileron force to drop off at the higher
deflection angles, but it does not reverse sign. There is
little change in characteristics with changing wing camber or
boundary layer control system configuration, but the aileron
control force gradient does increase with increasing airspeed.
Less than 75 percent of the available aileron control deflec-
tion is required for the maximum available sideslip angles.

LATERAL CONTROL POWER

The lateral control characteristics are given 1n terms of
the maximum roll rate, lateral control force, and maximum
helix angle as a function of lateral control deflection in
Figures 40 through 43, Data are given for boundary layer
control on and 0 and 30 degrees of wing camber at 71 knots,
O degrees of wing camber at 122 knots, and 0 degrees of
camber with boundary layer control off and the suction holes
open at 122 knots. The linear variation of the rolling
characteristics with control deflection 1s illustrated.
These characteristics are considered to be more than adequate
for this aircraft. No degradation in roll control due to
loss of the boundary layer control system is indicated at
122 knots.

Time histories of the rolling maneuvers for boundary layer
control on and 30 degrees of camber at 71 knots and 0
degrees of camber at 122 knots are presented in Figures 44
and 45, Figure 46 shows the time history for O degrees of
wing camber with boundary layer control off and the suction
holes open at 122 knots. The 30-degree wing camber configura-
tion gives 30 degrees change in bank angle 1.3 seconds after
control input and 55 degrees change after 1.7 seconds. A
fair amount of adverse yaw is developed during this maneuver
and the resulting small reduction in roll rate is noted.
Changes in roll angle of 72 and 85 degrees after 1.3 seconds
and 100 and 115 degrees after 1.7 seconds are shown for O
degrees of wing camber with boundary layer control cn and
boundary layer control off, respectively. A small buildup
in adverse yaw 1s shown. Adequate aircraft response to
removing the alleron control input is shown by the corre-
sponding reduction in roll rate for all configurations.
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The ability to roll an aircraft with rudder input alone is of
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